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@)  Electrical  circuit  arrangement. 

©  In  MOS  current  mirror  circuits  harmonic  dis- 
tortion  arises  due  to  parasitic  capacitances  as- 
sociated  with  the  transistors.  The  "high 
compliance"  current  mirror  circuit  shown  in 
Figure  2  includes  an  additional  transistor  (T5) 
connected  to  the  drain  of  the  input  transistor 
(T2)  which  forms  a  compensation  capacitor  (C5) 
which  compensates  for  the  signal  currents 
drawn  by  parasitic  capacitances  (C2,C4). 
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The  invention  relates  to  electrical  circuit  arrange- 
ments.  The  invention  is  particularly  applicable  to 
electrical  circuit  arrangements  having  an  input 
branch  for  receiving  an  input  current  and  an  output 
branch  for  producing  an  output  current  related  to  the 
input  current.  Examples  of  such  circuit  arrangements 
are  current  mirror  circuits  and  in  particular  current 
mirror  circuits  employing  MOS  transistors. 

MOS  current  mirror  circuits  add  harmonic  distor- 
tion  components  to  signals  passing  through  them 
which  increases  as  the  signal  frequency  and  signal 
amplitude  increase.  This  distortion  in  MOS  current 
mirror  circuits  is  due  to  the  charging  and  discharging 
of  various  capacitances  present  at  the  nodes  of  the 
circuit. 

It  is  an  object  of  the  invention  to  enable  the  reduc- 
tion  of  harmonic  distortion  in  circuits  where  capaci- 
tances  associated  with  non  linear  devices  cause  the 
generation  of  harmonic  distortion. 

The  invention  provides  an  electrical  circuit  ar- 
rangement  including  a  plurality  of  circuit  nodes  and  a 
plurality  of  circuit  devices  having  a  non-linear  vol- 
tage/current  characteristic  together  with  an  associat- 
ed  capacitance;  wherein  a  further  capacitance  is  con- 
nected  to  a  selected  node,  said  further  capacitance 
being  arranged  and  having  a  value  so  as  to  compen- 
sate  currents  drawn  by  said  associated  capacitances. 

The  circuit  arrangement  may  have  an  input 
branch  for  receiving  an  input  current,  the  input  branch 
comprising  a  first  device  having  a  non-linear  vol- 
tage/current  characteristic  and  having  an  associated 
capacitance;  and  an  output  branch  for  producing  an 
output  current  related  to  the  input  current,  the  output 
branch  comprising  a  second  device  having  the  same 
non-linear  voltage/current  characteristic  as  the  first 
device  and  having  an  associated  capacitance:  where- 
in  a  further  capacitance  is  connected  at  a  selected 
node  to  compensate  currents  drawn  by  said  associ- 
ated  capacitances. 

In  a  MOS  current  mirror  having  an  input  branch 
comprising  a  diode  connected  MOS  transistor  and  an 
output  branch  comprising  an  MOS  transistor  having 
its  gate  electrode  connected  to  the  gate  electrode  of 
the  diode  connected  transistor  an  input  current  must 
flow  into  the  capacitances  associated  with  the  tran- 
sistors,  normally  parasitic  device  capacitances, 
which  current  subtracts  from  the  drain  current  of  the 
input  transistor.  Thus  the  drain  current  of  the  output 
transistor  which  is  a  replica  of  the  drain  current  of  the 
input  transistor  is  not  equal  to  the  input  current.  Since 
the  gate  voltage  of  the  input  transistor  would  vary  in 
a  non-linear  fashion  (approximately  a  square  law  re- 
lationship  for  an  MOS  transistor)  in  the  absence  of 
any  associated  capacitance,  the  current  which  flows 
into  the  capacitance  at  this  node  is  similarly  non-lin- 
ear.  As  a  result  harmonic  distortion  components  are 
added  to  the  output  current.  While  this  effect  will  also 
occur  in  bipolar  circuitry  the  result  is  less  serious  be- 

cause  of  the  high  device  transconductance  for  a  given 
parasitic  capacitance.  Thus  the  invention  is  particu- 
larly  useful  when  applied  to  circuit  arrangements  in- 
cluding  MOS  transistors  but  may  be  used  with  any 

5  other  active  devices  with  varying  degrees  of  useful- 
ness. 

Thus  in  an  electrical  circuit  arrangement  accord- 
ing  to  the  invention  said  input  branch  may  comprise 
first  and  second  MOS  transistors  having  their  source- 

10  drain  paths  arranged  in  series  and  wherein  the  drain 
electrode  of  the  first  transistor  is  connected  to  the 
gate  electrode  of  the  second  transistor  and  to  the  in- 
put  of  the  circuit  arrangement;  said  output  branch 
may  comprise  third  and  fourth  transistors  having 

15  their  source-drain  paths  arranged  in  series,  the  drain 
electrode  of  the  third  transistor  being  connected  to 
the  output  of  the  circuit  arrangement;  the  gate  elec- 
trode  of  the  second  transistor  may  be  connected  to 
the  gate  electrode  of  the  fourth  transistor;  the  gate 

20  electrodes  of  the  first  and  third  transistors  may  be 
connected  to  a  source  of  bias  potential;  and  a  com- 
pensation  capacitor  may  be  formed  between  the  gate 
and  source  electrodes  of  the  first  transistor,  the  com- 
pensation  capacitor  having  such  a  value  as  to  cause 

25  substantial  compensation  of  currents  drawn  by  the 
parasitic  capacitances  associated  with  the  transis- 
tors. 

The  compensation  capacitor  may  comprise  a 
fifth  MOS  transistor  having  its  drain  and  source  elec- 

30  trades  connected  together.  By  forming  the  compen- 
sation  capacitor  within  an  MOS  transistor  it  will  have 
the  same  characteristics  as  the  parasitic  capacitanc- 
es  of  the  other  four  transistors  and  thus  will  maintain 
a  fixed  relationship  with  them.  In  addition  when  fab- 

35  ricatedaspartofan  integrated  circuit  it  can  be  formed 
in  the  same  processing  steps  as  the  other  transistors 
and  no  special  steps  are  needed  to  form  the  compen- 
sation  capacitance. 

The  above  and  other  features  and  advantages  of 
40  the  invention  will  becomeapparentfromthefollowing 

description,  by  way  of  example,  of  an  embodiment  of 
the  invention  with  reference  to  the  accompanying 
drawings,  in  which:- 

Figure  1  is  a  circuit  diagram  of  a  known  MOS  cur- 
45  rent  mirror  circuit  showing  the  parasitic  capaci- 

tances  associated  with  the  transistors,  and 
Figure  2  is  a  circuit  diagram  of  an  MOS  current 
mirror  circuit  incorporating  the  invention. 
As  shown  in  Figure  1,  the  current  mirror  circuit 

so  comprises  an  input  branch  comprising  first  and  sec- 
ond  MOS  transistors  T1  and  T2  connected  in  series 
between  an  input  1  and  a  common  line  2.  The  drain 
electrode  of  transistor  T1  is  connected  to  the  input  1 
and  to  the  gate  electrode  of  transistor  T2.  The  current 

55  mirror  circuit  further  comprises  an  output  branch 
comprising  third  and  fourth  MOS  transistors  T3  and 
T4  connected  in  series  between  an  output  3  and  the 
common  line  2,  the  drain  electrode  of  transistor  T3 
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being  connected  to  the  output  3.  The  gate  electrode 
of  transistor  T2  is  connected  to  the  gate  electrode  of 
transistor  T4  while  the  gate  electrodes  of  transistors 
T1  and  T3  are  connected  to  a  point  4  to  which,  in  op- 
eration,  a  bias  voltage  is  applied.  Capacitors  C1  to  C4 
are  shown  connected  between  the  gate  and  source 
electrodes  of  transistors  T1  to  T4  respectively.  These 
capacitors  are  representative  of  the  parasitic  capac- 
itances  associated  with  each  of  the  transistors. 

In  terms  of  signal  currents  if  an  input  current  lin 
is  applied  to  input  1  then  a  current  lC2+lc4  is  present 
in  the  common  gate  connection  of  transistors  T2  and 
T4  while  a  current  of  lin  -Ic2-'c4+lci  is  present  at  the 
drain  of  transistor  T2.  This  current  is  mirrored  to  the 
drain  of  transistor  T4  but  at  the  output  2  the  current 
lout  becomes 

'in  ■  'C2  ■  'C4  +  'ci  ■  'C3- 
Thus  the  current  mirror  circuit  shown  in  Figure  1 

produces  an  error  current  dependent  upon  the  para- 
sitic  capacitances  of  the  transistors. 

The  current  mirror  circuit  shown  in  Figure  2  is 
modified  from  that  shown  in  Figure  1  by  the  provision 
ofafurt  her  MOS  transistor  T5  which  has  its  gate  elec- 
trode  connected  to  the  gate  electrodes  of  transistors 
T1  and  T3  and  its  drain  and  source  electrodes  con- 
nected  together  and  to  the  drain  electrode  of  transis- 
tor  T2. 

The  effect  of  transistor  T5  is  to  add  a  capacitance 
C5  which  will  cause  a  further  current  to  be  produced 
which,  if  the  value  of  the  capacitance  C5  is  appro- 
priately  chosen,  will  substantially  cancel  the  error 
current  caused  by  capacitances  C4  and  C2.  If  it  is  as- 
sumed  that  transistors  T1  to  T4  all  have  the  same  di- 
mensions  then  the  output  current  lout  =  lin  -  lC2  -  Ic4 
since  the  contributions  due  to  C1  and  C3  cancel  out. 
Thus  by  adding  a  capacitance  equal  to  C2  +  C4  at  the 
drain  electrode  of  transistor  T2  a  further  current  of  lC2 
+  lC4will  be  added  to  the  current  at  the  drain  electrode 
of  transistor  T2  thus  cancelling  the  error  current  due 
to  capacitances  C2  and  C4  associated  with  transis- 
tors  T2  and  T4. 

By  making  the  capacitance  C5  equal  to  C2  +  C4 
the  error  currents  are  cancelled,  at  least  as  regards 
first  order  effects.  In  order  to  cause  the  additional 
fabricated  capacitance  C5  to  maintain  a  fixed  rela- 
tionship  with  C2  and  C4  it  is  made  as  an  MOS  tran- 
sistor  using  the  same  processes  as  are  used  to  pro- 
duce  transistors  T1  to  T4.  Current  mirrors  of  this  type 
are  of  course  commonly  fabricated  as  part  of  an  inte- 
grated  circuit. 

Satisfactory  dimensions  for  transistor  T5  can  be 
derived  from  first  order  theory.  It  is  assumed  that 
transistorsTI  to  T4  are  operated  in  their  saturated  re- 
gion  whereas  T5  will  be  in  the  triode  region.  Thus  the 
gate-source  capacitances  of  transistor  T2  and  T4  will 
be  2WLCox/3.  Hence  by  making  W.L  of  T5  equal  to 
4/3  (W.L)T2  the  capacitance  C5  will  cause  the  error 
currents  caused  by  capacitances  C2  and  C4  to  be 

substantially  cancelled.  This  is  normally  achieved  us- 
ing  equal  values  of  Lforall  the  transistors  to  maintain 
best  matching,  in  which  case  W(T5)  is  made  equal  to 
4W/3  (T2). 

5  The  above  analysis  assumes  identical  devices 
for  transistors  T1  to  T4  but  it  can  be  shown  that  if  the 
ratio  W/L  of  transistor  T4  is  n  times  that  of  transistor 
T2,  i.e.  to  provide  an  output  current  n  times  the  input 
current,  then  the  dimensions  of  transistor  T5  should 

10  be|(1+n)  W.L 

While  the  invention  has  been  described  with  ref- 
erence  to  a  "high-compliance"  or  cascode  connected 
current  mirror  circuit  using  MOS  transistors  it  is  not 

15  restricted  to  such  an  application.  The  invention  may 
be  applied  to  other  circuits  where  a  linear  component 
shares  a  current  with  a  non-linear  one  and  where  an 
output  current  is  dependent  on  a  voltage  generated 
across  the  non-linear  component  due  to  a  current  ap- 

20  plied  thereto.  Other  non-lineardevices  could  be  used, 
for  example  bi-polar  transistors,  although  the  utility 
of  the  invention  will  depend  on  the  particular  non-lin- 
ear  characteristic  of  the  devices  employed  and  the 
value  of  the  associated  capacitances. 

25 

Claims 

1.  An  electrical  circuit  arrangement  including  a  plur- 
30  ality  of  circuit  nodes  and  a  plurality  of  circuit  de- 

vices  having  a  non-linear  voltage/current  charac- 
teristic  together  with  an  associated  capacitance; 
wherein  a  further  capacitance  is  connected  to  a 
selected  node,  said  further  capacitance  being  ar- 

35  ranged  and  having  a  value  so  as  to  compensate 
currents  drawn  by  said  associated  capacitances. 

2.  An  electrical  circuit  arrangement  as  claimed  in 
Claim  1,  having  an  input  branch  for  receiving  an 

40  input  current,  the  input  branch  comprising  a  first 
device  having  a  non-linear  voltage/current  char- 
acteristic  and  having  an  associated  capacitance; 
and  an  output  branch  for  producing  an  output  cur- 
rent  related  to  the  input  current,  the  output 

45  branch  comprising  a  second  device  having  the 
same  non-linear  voltage/current  characteristic  as 
the  first  device  and  having  an  associated  capac- 
itance:  wherein  a  further  capacitance  is  connect- 
ed  at  a  selected  node  to  compensate  currents 

50  drawn  by  said  associated  capacitances. 

3.  An  electrical  circuit  arrangement  as  claimed  in 
Claim  1  or  Claim  2  in  which  said  non-lineardevic- 
es  are  MOS  transistors. 

55 
4.  An  electrical  circuit  arrangement  as  claimed  in 

Claim  3  in  which  said  input  branch  comprises  first 
and  second  MOS  transistors  having  their  source- 

3 
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drain  paths  arranged  in  series  and  wherein  the 
drain  electrode  of  the  first  transistor  is  connected 
to  the  gate  electrode  of  the  second  transistor  and 
to  the  input  of  the  circuit  arrangement;  said  out- 
put  branch  comprises  third  and  fourth  MOS  tran-  5 
sistors  having  their  source-drain  paths  arranged 
in  series,  the  drain  electrode  of  the  third  transis- 
tor  being  connected  to  the  output  of  the  circuit  ar- 
rangement;  the  gate  electrode  of  the  second 
transistor  is  connected  to  the  gate  electrode  of  10 
the  fourth  transistor;  the  gate  electrodes  of  the 
first  and  third  transistors  are  connected  to  a 
source  of  bias  potential;  and  a  compensation  ca- 
pacitor  is  formed  between  the  gate  and  source 
electrodes  of  the  first  transistor,  the  compensa-  15 
tion  capacitor  having  such  a  value  as  to  cause 
substantial  compensation  of  currents  drawn  by 
the  parasitic  capacitances  associated  with  the 
transistors. 

An  electrical  circuit  arrangement  as  claimed  in 
Claim  4  in  which  said  compensation  capacitor 
comprise  a  fifth  MOS  transistor  having  its  drain 
and  source  electrodes  connected  together. 

20 

25 
6.  A  electrical  circuit  arrangement  as  claimed  in 

Claim  4  in  which  the  first  to  fourth  transistors  are 
identical  and  have  a  channel  width  to  length  ratio 
of  W/L  and  the  fifth  transistor  has  a  width  to 
length  ratio  of  4W/3L  30 

7.  An  electrical  circuit  arrangement  as  claimed  in 
Claim  5  in  which  the  first  and  second  transistors 
have  a  width  to  length  ratio  of  W/L,  the  third  and 
fourth  transistors  have  a  width  to  length  ratio  of  35 
nW/L,  and  the  fifth  transistor  has  a  width  to 
length  ratio  of  2(1+n)W/3L 

8.  An  electrical  circuit  arrangement  as  claimed  in 
any  preceding  claim  fabricated  as  part  of  an  inte-  40 
grated  circuit  wherein  the  associated  capacitanc- 
es  are  the  parasitic  capacitances  of  the  non-lin- 
ear  devices. 

45 
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